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The work presented here represents the continuation of the MEM switch research. First, the switch was redesigned for use on a microstrip configuration. Next, a fabrication process was developed to incorporate a superconducting thin film. Then, the individual steps in the process were iterated and refined. Finally, tests were conducted to show that the process steps were compatible with the YBa2Cu30x-1 thin films. Problems mentioned by Hilerio were taken into consideration and alternative methods introduced to solve them.
Progress In MEM Switch Fabrication

Hilerio's Thesis
Hilerio had previously performed work on MEM switches that led to his master's Hilerio's work shows that a MEM switch can be fabricated with the available facilities. In his thesis, Hilerio discussed some of the areas that need improvement. Two major obstacles that were mentioned involved the sacrificial PMGI polymer. To remove the polymer a wet release process is required. The wet release process functions poorly in removing the PMGI and, at times, causes sticking of the beam. The PMGI also has a limited temperature range. These two problems make the fabrication process less reliable and restrict the thermal range of any further processes. The use of an HTS thin film was also suggested by Hilerio as the next step in the development of the switches. These fabrication issues were taken into consideration and work was done on the development of the necessary process. The following sections give a summary of the challenges confronted in this investigation.
Switch Design and Simulation
Most MMICs use microstrip transmission lines. Thus, Hilerio's switch was re- can be expected to provide isolation of 8 dB in the up position at the same frequency. It was also made apparent from the results that the attempted modifications to the transmission line were not crucial for the switch performance. Instead, the largest change in performance was due to the deviation in the width and length of the metal beam.
Fabrication Process Development
Changes were made to the fabrication process with the intent of providing a better product. Hilerio' s concerns have been addressed in this work by providing an HTS thin film as the conductor for the transmission line, replacing the polymer sacrificial layer with polysilicon, and developing a gas phase release process. with the use of other materials.
XeF2 Gas Phase Etching
The use of the XeF 2 etch in processing the MEM switch came about from the need to redesign the metal beam fabrication steps. Until now, the liftoff process to remove the polymer from underneath the metal beam involved a wet etch. Two major problems have been encountered using this technique. One, the solvent takes a long time to dissolve the polymer completely. In some cases plasma ashing is needed to remove residual polymer.
Two, the fluid tension of the solvent occasionally causes the beam to flex and stick to the remaining polymer. This renders the switch useless and reduces the reliability of the fabrication process. The XeF2 process offers a solution to both problems since XeF 2 has a high etching rate for silicon and performs the task in the gas phase.
The use of XeF 2 has been studied and is commonly used in both bulk and surface micro machining. Research has shown that, unlike F -atom etching, XeF 2 is a very selective etchant that targets intrinsic Si while exhibiting limited or no reaction with silicon dioxide (Si0 2 ) [4] . The selectivity ofXeF 2 extends to other silicon compounds as well as other materials such as LaA10 3 , aluminum, and photoresist [5] [6] . The effects of XeF2 interactions with YBa 2 Cu 3 0x-7 were previously unknown. This work provided strong evidence that XeF 2 does not damage the YBa2Cu30x-1·
Polysilicon and Silicon Nitride Depositions
Deposition processes for polysilicon and silicon nitride were developed using magnetron sputtering. The polysilicon procedure replaced the use ofPMGI as a sacrificial layer. The film was deposited in an argon atmosphere. ShN 4 was one of two dielectrics to be investigated for compatibility with YBa 2 Cu 3 0x_ 7 . ShN 4 deposition differed from the polysilicon deposition because it was deposited by reactive sputtering in an argon/nitrogen atmosphere. The two procedures encountered similar problems because both used silicon targets to deposit the desired films.
The research concluded that the presence of oxygen and/or water in the vacuum chamber was responsible for tainting the deposited films. When contaminated, both depositions were noticeably affected. The polysilicon showed no etching in the presence ofXeF 2 while the ShN4 had a lower than expected index of refraction and high microwave losses. To correct for this problem, steps were taken in both cases to reduce the presence of oxygen in the chamber. The two depositions were attempted using both RF and DC power supplies. The rate of deposition was much higher using RF. For the MEM switch to work reliably it is necessary to deposit an insulating dielectric layer between the contact area of the HTS and the metal beam. Two dielectric materials were investigated for their unique properties. ShN 4 has a high dielectric strength while BaTi0 3 , a ferroelectric at low temperatures, is known to have a high dielectric constant.
Each of the dielectrics offers one desirable property. A high dielectric strength means that higher voltages can be used without breakdown. A high dielectric constant provides a material with lower microwave loss.
Microwave measurements of the HTS specimens before and after the dielectric depositions verified two important properties of the dielectrics when deposited on the HTS. One, the YBa2Cu30x-? had minimal interaction with the dielectric coatings during the deposition. Two, the attenuation of the dielectrics is low enough that they can be considered for application directly on YBa 2 Cu 3 0x_ 7 • The microwave measurements provided a way to calculate the surface resistance of the specimens with and without a dielectric, showing the effects of the depositions.
XeF 2 Etching Process Compatibility
Before the XeF 2 process could be integrated into the proposed fabrication process it was necessary to insure that the XeF 2 selectively etched the polysilicon. Previous literature did not comment on how the XeF 2 process would react with YBa2Cu30x-1-The understanding of the relationship between XeF2 and YBa2Cu30x-1 is vital since a reaction could damage the YBa2Cu30x-1·
Tests were performed in a custom XeF 2 etching system. A set of parameters was chosen that are known to etch the silicon specimens. Then, samples at every process step from the bare LaA10 3 substrate to the dielectric coated HTS specimens were tested in the chamber. Special attention was placed on the YBa 2 Cu 3 0x_ 7 because of its sensitive nature. The tests showed that XeF 2 is compatible with all the switch materials but care must be taken when YBa2Cu30x-1 is present. It has been shown that this process can be integrated with the prescribed fabrication process but alterations to the fabrication process should be made carefully especially with regard to the YBa 2 Cu30x_ 7 •
Accomplishments
With completion of this work, a complete process flow is available for the fabrication 
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Published Work
Research in MEM switch technology is young. The first paper on a MEM switch was Hilerio's work was focused on fabricating and characterizing a MEM capacitive switch similar to what others were producing in the field. The switch design was fabricated on a CPW circuit and was modeled for operation from 1 00 MHz to 20 GHz.
He successfully fabricated and modeled these switches with insertion loss of 0.15 dB and isolation of 22 dB. By keeping the design simple he was able to model the switch and arrive at measured values that closely matched the actual values.
Challenges Relating to Switch
The engineering ofMEM switches is a fairly young technology. Material aspects of micro devices are often treated differently from conventional sized devices. Lifetime, thermal, and electrical considerations must be revisited and modeled for these specific cases.
The fabrication process can be divided into three main sections: photolithography, film deposition, and material etching. Each of the steps posses its own challenges.
Photolithography is a method of patterning with the use of masks and light sensitive polymers. The masks can form patterns on the polymers and the polymers can in tum be used to form shapes. With smaller shapes and increasing intricacy in the patterns there is always a need for more precise patterning methods and tools. The deposition of materials ranges from a single element deposition such as gold to complex chemical depositions such as YBa2Cu30x-?· Besides the variety of compounds, there is a large range of deposition methods including thermal evaporation and sputtering seen in this work. Each deposition process is involved and has many variables that must be considered. In developing an optimal process the multitude of variables can be frustrating and time
consuming. An optimal process must take into account both the rate of deposition and the quality of the deposition. Deposition processes may have affects such as the unintended interaction with other materials and damage from heat transfer. These are examples of situations that can be encountered and that must be controlled. Material etching can be found in most fabrication processes. Etching can include cleaning of surfaces as pre-treatment or removal of materials in a liftoff process. These steps must be optimized as well. The idea is to be able to remove the desired material quickly and completely. It is not guaranteed that the etchant will not react with other materials.
Therefore, research must be done on etchant materials before use to avoid unwanted affects.
These are the most commonly used steps in fabrication of MEM switches but the field changes daily. The advancements in technology bring about new techniques that may be particular to a specific switch fabrication. These techniques may prove to be a better choice and become common practice in the future.
HTS
Superconductors are materials that have a unique behavior at low temperatures. HTS exhibit other properties that are not usually found in L TS materials [ 19] . All HTS are type II superconductors. Type I superconductors have two states of operation, either superconducting or not. In contrast, the type II can be found in a mixed state where both superconducting and "normal" states of the material exist. Type I and II superconductors can repel a magnetic field below their specific limit, He and Hc 1 respectively. At field strengths above this limit the type I no longer functions as a superconductor. The type II produce vortices, small circular eddy currents that operate in the normal conduction state of the material. As a result, a portion of the magnetic field penetrates through the HTS while it is still functioning as a superconductor with diminished performance, lower T c, low critical current Ic, and high RF impedance. A secondary magnetic field strength, Hc2, provides the upper limit of operation for the HTS.
Other distinguishing characteristics of HTS are larger energy gaps, shorter coherence lengths, and linear DC resistivity.
Physicists K.A. Muller and G. Bednorz wrote the first paper on HTS class of superconductors in 1986 [20] . Their approach to finding a superconductor with a higher Tc limit than the present 23.2K lead them to La 2 Cu 3 0 4 doped with Ba 2 +, Sr 2 +, or Ca 2 +.
Other compounds such as YBa 2 Cu 3 0x. 7 shortly followed. These materials no longer fit the conventional Bardeen-Cooper-Schrieffer (BCS) theory of superconductivity. The BCS theory was regarded as the complete explanation for the superconductivity
phenomena. An explanation that can fully account for how the new mechanisms in these materials work is still among the challenges that exist in the field ofHTS presently.
Many theories exist, but there is no discemable model that can account for all of the behavior observed in the diverse number of HTS materials.
As some researchers work on developing better models to explain these materials others are exploring areas where these materials can be implemented. The high T c of these films provides a commercially viable material that can function at liquid nitrogen temperature and eliminate the use of more expensive coolants such as liquid helium. As mentioned previously, HTS transition through two states while functioning as superconductors. The second state provides a more gradual transition from superconductivity to normal state. With more practical operation costs and less abrupt phase transition, the HTS group of materials offer material characteristics that a few years ago were not thought possible. 
Design and relevance to this work
It was previously mentioned that the work conducted in this paper is in part based on the work completed by Hilerio. By providing a fabrication process, a functional switch and measurements for comparing the switch, Hilerio showed that it is possible to fully develop a MEM switch with the available equipment. In his thesis, he highlighted both the achievements and challenges of his research. The improvement in fabrication relating to these obstacles was part of the motivation for this work.
He suggested that future work focus on the replacement of the conventional conductor, composed of metal, with that of a superconductor. MEM switches from his work showed switch performance comparable to that of other works. As a result, the work showed that MEM switches are the best alternative to the current semiconductor devices used in RF switching applications. The switches require a smaller amount of energy to activate and provide good short and open circuit responses in the RF range. It was clear that by modifying the conductor device losses could be reduced further enhancing the MEM switch advantages over semiconductor devices.
Goals Accomplished
Hilerio's thesis is a good source of background information for anyone who wishes to pursue research on MEM switch fabrication. The work shows that there are clearly two main challenges to the MEM switch. The first challenge is the fabrication of the switch.
This includes the equipment and processing steps that are required to produce the switch.
The other challenge comes from the improvement of the switch performance. It has been
shown that the switch performance is intimately related to the fabrication.
Hilerio's work focused on characterizing a switch based on the fabrication equipment available in the lab. The analysis of the switches showed that further work needed to be done to improve the switch in its mechanical aspects as well as its RF responses. This would involve new designs for the switch and adjustments to the fabrication process to alter the state of the materials either during fabrication or as a post-fabrication process.
For example, the metal beam in Hilerio's thesis suffered from stress and strain due to the evaporation process. This was characterized in Hilerio's work and it was suggested that either a different deposition process be used or that a post anneal be attempted to reduce the stress in the metal.
Hilerio's work provides a full fabrication process using the available equipment in the lab. This is important as it allowed for the identification of the instruments needed for the fabrication of the MEM switch and reduced the development time for several of the fabrication steps. The information in his thesis was a valuable asset in the development of this research. Each type has specific advantages and limitations that must be taken into consideration.
The coplanar waveguide has the simplest fabrication requiring processing on only one 
Microstrip design process
The microstrip transmission line will be fabricated using lanthanum aluminate (LaA10 3 ) as the substrate. An YBa2Cu30x-? coating on one side of the substrate will provide the ground plane. The opposite side of the substrate will be coated with YBa 2 Cu 3 0x-? and then used to patterned the transmission line and fabricate the MEM switch.
The only consideration in the patterning of the micro strip line is width. 
Electromagnetic Simulation
Electromagnetic calculations and analysis can be performed quickly given today's computers and software packages. It is possible to efficiently prototype several designs and have them modeled with reasonable accuracy and speed. Three circuit designs were considered and simulated for the MEM switch (Figure 3.3) . The performance of the switches were compared. The circuit designs did not present much variation in the simulations so all three designs (Figure 3 .4) were incorporated on the masks for fabrication. Sonnet calculates the frequency dependent scattering parameters of the system. The S-parameters are a measure of the transmission and reflection coefficients in a network [7] . In the scope of this work, a two-port network is used. The number of ports and their positions are among the variables that will affect the simulation results. Port proximity to the edges of the model and to the switch was considered. Grid size was also taken into account since smaller grids provide a higher degree of accuracy while requiring greater computational resources. The S 11 and S21 parameters represent the signal response at port 1 and port 2 respectively given an initial signal from port 1. These parameters are the most important results. For a given signal originating from port 1, S 11 and S21 will express the amount of signal that is reflected back to port one and the amount of signal that is seen at port 2.
A series switch design was used for the MEM switch. This results from a mismatch in the network that causes the transmitted signal to be reflected back toward the source, a small signal (weak) will be measured at port 2 while a large signal (strong) is measured at port 1.
Switch Diagram
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Process Flow
The process flow is an outline of the switch fabrication process. It is divided into major sections of the fabrication process. These sections in tum have a step-by-step account of what must be done in each stage of processing. The process flow is extremely important as it dictates the exact order that should be followed to reproduce the desired results for a given stage in the switch fabrication. The process flow for the fabrication of a MEM switch with an HTS thin film is shown in Figure 3 .5. The switch fabrication starts with a LaA10 3 substrate coated with YBa 2 Cu 3 0x-?· The first mask, "YBCO Layer," is used to pattern the microstrip circuit using photoresist. The YBa2Cu30x-1 is etched using acetic acid and the photoresist is removed leaving behind the desired pattern. The circuit pattern is recoated with a dual layer photoresist-LOR and patterned using the second mask, "Sacrificial Layer."
Using positive resist, Shipley S1813, with the Sacrificial Layer mask will develop an image on the photoresist identical to the mask pattern. This image is an inverted pattern of the final deposited material, thus exposing the contact areas for deposition of the dielectric coating and silicon sacrificial layer. The dielectric, either Si3N4 or BaTi0 3 , and the silicon are deposited in-situ using RF -sputtering. The dielectric is used to avoid a metal to superconductor contact and serves as a protective coating between the silicon and the YBa 2 Cu30x-7· The silicon serves as the supporting structure during the deposition of the metal beam. Performing a lift-off will remove the S 1813-LOR, leaving behind the contact pattern composed of a silicon deposition stacked on top of a dielectric deposition.
The final mask, "Metal Layer," is used with the S1813-LOR. The pattern leaves the end contact points and the metal beam pattern exposed for deposition. Gold is then deposited and patterned with a lift-off process. Finally, the device is etched using XeF2 to remove the silicon. Removing the silicon concludes the fabrication leaving an air bridge structure as the switch.
Many sections of the process fabrication were independent of each other. This allowed for steps to be worked on individually. Once successful, the steps were modified slightly to fit the prescribed layout.
While this effort is based on the work ofHilerio [1], the process has been modified and improved. In particular, the sacrificial layer used in Hilerio's work was PMGI. This has been replaced with a silicon sacrificial layer. The reasons are discussed below. In addition, a new dual layer polymer process using LOR was introduced. 
Mask Design
The fabrication process requires three masks. The first mask is the microstrip circuit pattern called 'YBCO Layer'. Alignment markers are also present and highlighted in 
